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&XUUHQWO\ZDWHUDFFRXQWVDUHRQHRIWKHQH[WVWHSVWREHLPSOHPHQWHGLQWKH5LYHU%DVLQ0DQDJHPHQW3ODQVLQ
6SDLQ>@,QRUGHUWRDVVHVVZDWHUUHVRXUFHVZDWHUDFFRXQWVGHILQHGE\8QLWHG1DWLRQVKDYHEHFRPHDYHU\SRZHUIXO
WRROIRULPSURYLQJZDWHUPDQDJHPHQWDVWKH\SURYLGHDPHWKRGRIRUJDQL]LQJDQGSUHVHQWLQJLQIRUPDWLRQUHODWLQJWR
WKHSK\VLFDOYROXPHVRIZDWHULQWKHHQYLURQPHQWZDWHUVXSSO\DQGHFRQRP\>@7KHPDLQLQWHUHVWRIWKH6\VWHPRI
(QYLURQPHQWDO(FRQRPLF$FFRXQWLQJIRU:DWHU 6(($:>@ LV WRSURYLGHDVWDQGDUGDSSURDFKDQG WKHUHIRUH WKH
SRVVLELOLW\ WRFRPSDUH UHVXOWVEHWZHHQGLIIHUHQWDUHDV >@ ,Q WKLV VHQVH VHYHUDO LQGLFDWRUVGHULYHG IURP WKHZDWHU
DFFRXQWVFRYHUPDQ\FULWLFDODVSHFWVRIZDWHUPDQDJHPHQWXQGHUDQ,QWHJUDWHG:DWHU5HVRXUFH0DQDJHPHQW,:50
>@2QHRIWKHVHZDWHULQGLFDWRUVLVZDWHUUHVRXUFHDYDLODELOLW\
:DWHUDYDLODELOLW\KDVEHHQRIWHQXVHG LQDEURDGFRQWH[WZKHQDFWXDOO\RQHRI WKHPDMRUGLIILFXOWLHV LQZDWHU
SODQQLQJLVGHWHUPLQLQJWKHZDWHUDYDLODELOLW\LQDEDVLQZLWKWKHDLPRIGLVWULEXWLQJLWVXVWDLQDEO\>@0DQ\VWXGLHV
KDYHXVHGWKLVFRQFHSWLQGLIIHUHQWVHQVHV WKH(XURSHDQ(QYLURQPHQWDO$JHQF\(($>@FRQVLGHUVSUHFLSLWDWLRQ
ULYHUIORZVDQGZDWHUVWRUDJHLQVQRZDQGJODFLHUVDVDPHDVXUHRIWKHDYDLODELOLW\RIIUHVKZDWHUUHVRXUFHV:KLOHRWKHU
DXWKRUVKDYHHVWLPDWHGWKHZDWHUDYDLODELOLW\E\HPSOR\LQJGURXJKWLQGH[HV>@RUWKHLQGLFDWRURIH[SORLWDEOHZDWHU
UHVRXUFHV>@)XUWKHUPRUH/DQJHHWDO>@DQG6XQHWDO>@FRQVLGHUWKDWUHJLRQDOZDWHUUHVRXUFHDYDLODELOLW\FDQ
EHZHOOGHVFULEHGE\ZDWHU\LHOGGHILQHGDVWKHGLIIHUHQFHEHWZHHQUHFHLYHGSUHFLSLWDWLRQDQGHYDSRWUDQVSLUDWLRQDQG
$OFDPRHWDO>@KDYHGHYHORSHGWKH:DWHU*$3PRGHOWRFRPSXWHERWKZDWHUDYDLODELOLW\DQGZDWHUXVHRQWKHULYHU
EDVLQVFDOH
7KLVFRQFHSWLVH[WUHPHO\LPSRUWDQWLQ0HGLWHUUDQHDQFRXQWULHV+LVWRULFDOO\6SDLQKDVVXIIHUHGLPSRUWDQWGURXJKW
SHULRGVWKDWKDYHFDXVHGVHYHUHLPSDFWV:DWHUVFDUFLW\DQGWKHIUHTXHQWGURXJKWSHULRGVH[SODLQLQSDUWWKHDQFLHQW
EXLOGLQJWUDGLWLRQRIK\GUDXOLFZRUNVLQ6SDLQ>@
7KHDLPRIWKLVSDSHULVWRREWDLQDJHQHUDOVFKHPHWRDVVHVVZDWHUDYDLODELOLW\LQDULYHUEDVLQWDNLQJDVVWXG\FDVH
WKH-XFDU5LYHU%DVLQ6SDLQZKHUHDVRWKHU0HGLWHUUDQHDQEDVLQVLWLVFXUUHQWO\ZDWHUVWUHVVHG,QWKLVVHQVHZDWHU
DFFRXQWVKDYHEHHQDSSOLHGLQWKH-XFDU5LYHU%DVLQ'LVWULFWLQUHFHQW\HDUV$QGUHXHWDO>@UHSRUWHGDQDSSOLFDWLRQ
RI*HQHUDO3XUSRVH:DWHU$FFRXQWLQJ>@WRWKH-XFDU:DWHU5HVRXUFHV6\VWHPDQGDOVRWKH+DOW-XFDU'HVSURMHFW
>@KDVSURYLGHDQRSSRUWXQLW\WRWHVWDQGFKHFNWKHIHDVLELOLW\RIDSSO\LQJWKH6(($:>@WRSURGXFHZDWHUDFFRXQWV
)URPWKHDERYHLWIROORZVWKDWWKHUHLVQRXQDQLPLW\LQWKHPHWKRGRORJ\WRGHWHUPLQHZDWHUDYDLODELOLW\,WLVQHFHVVDU\
WKDWSROLF\PDNHUVDQGVWDNHKROGHUVPDNHDGHFLVLRQDERXWWKHPHWKRGRORJ\WRGHWHUPLQHZDWHUDYDLODELOLW\LQRUGHUWR
LQFOXGHLWLQWKHSROLF\UHYLHZRQZDWHUVFDUFLW\DQGGURXJKWVWKDWLVFXUUHQWO\EHLQJFDUULHGRXWWREHLQWHJUDWHGLQWR
WKH³%OXHSULQWWRVDIHJXDUG(XURSH¶VZDWHUUHVRXUFHV´>@
7KHUHPDLQGHURI WKLVSDSHULVVWUXFWXUHGDV IROORZV6HFWLRQOLVWV WKHPDWHULDOVDQGPHWKRGVXVHGWRGHVFULEH
ZDWHUDYDLODELOLW\7KLV LV IROORZHGE\ WKHFDVHVWXG\ LQ6HFWLRQZKHUH WKHPHWKRGRORJ\GHVFULEHG LVXVHG$QG
ILQDOO\VHFWLRQVGLVFXVVUHVXOWVDQGFRQFOXVLRQVIRUIXWXUHGLUHFWLRQV
0DWHULDOVDQGPHWKRGV
7KHPDLQFKDOOHQJHLQZDWHUDFFRXQWLQJLVUHODWHGWRWKHFROOHFWLRQRIWKHUHTXLUHGGDWD>@7KHK\GURORJLFDOF\FOH
GHVFULEHVWKHPRYHPHQWRIZDWHULQWKH(DUWK7KH8QLWHG1DWLRQV6WDWLVWLFV'LYLVLRQ81'6>@GHVFULEHVLWDVD
VXFFHVVLRQRIVWDJHVRZLQJWRVRODUUDGLDWLRQDQGJUDYLW\ZDWHUNHHSVPRYLQJIURPODQGWRRFHDQVLQWRWKHDWPRVSKHUH
LQ WKH IRUP RI YDSRU DQG LQ WXUQ IDOOV EDFN RQWR WKH ODQG DQG RFHDQV DQG RWKHU ERGLHV RI ZDWHU LQ WKH IRUP RI
SUHFLSLWDWLRQ,QWKLVZD\WKHLPSRUWDQFHRIK\GURORJLFDOF\FOHOLHVRQNQRZLQJKRZPXFKZDWHULVDYDLODEOHEXWGXH
WRWKHGLIILFXOW\RIJDXJLQJWKHFRPSRQHQWVRIWKHK\GURORJLFDOF\FOHWKHXVHRIVLPXODWLRQPRGHOVKDVEHFRPHDQ
HVVHQWLDOWRROH[WHQVLYHO\HPSOR\HGLQODVWGHFDGHV
*HQHUDOO\ZHFDQGLVWLQJXLVKEHWZHHQ WZR W\SHVRI VLPXODWLRQPRGHOV7KH ILUVWRQHVDUHK\GURORJLFDOPRGHOV
ZKLFKWKHLUPDLQSURFHVVFRQVWLWXWHVRQGHVFULELQJWKHK\GURORJLFDOF\FOH$VQRWHGE\(VWUHODHWDO>@WKHVHPRGHOV
HVWLPDWH YDULDEOHV VXFK DV SUHFLSLWDWLRQ VQRZ DFWXDO HYDSRWUDQVSLUDWLRQ VRLO PRLVWXUH VXUIDFH DQG JURXQGZDWHU
UXQRIIDTXLIHUUHFKDUJHYROXPHVWRUDJHLQVRLOVHWF$QH[DPSOHRIWKLVNLQGRIPRGHOLV3DWULFDO'HFLVLRQ6XSSRUW
6\VWHP'66>@ZKLFKDOORZVFRQVWUXFWLQJK\GURORJLFDOF\FOHVSDWLDOO\GLVWULEXWHGPRGHOVZLWKPRQWKO\WLPHVWHS
VLPXODWLRQDQGLWKDVEHHQDSSOLHGLQGLIIHUHQWVWXGLHVIRUWKH5LYHU%DVLQ0DQDJHPHQW3ODQLQWKH-XFDU5LYHU%DVLQ
'LVWULFW
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,QWKHVHFRQGJURXSZHILQGWKHZDWHUUHVRXUFHPDQDJHPHQWPRGHOVZKLFKPD\UHTXLUHWKHUHVXOWVREWDLQHGZLWK
DK\GURORJLFDOPRGHODVDQLQSXW7KLVNLQGRIPRGHOLVXVHGWRDVVHVVWKHV\VWHPEHKDYLRXUIRUJLYHQVFHQDULRV7KHLU
WRSRORJ\PXVWLQFOXGHWKHPDLQV\VWHPIHDWXUHVVXFKDVULYHUVUHVHUYRLUVDTXLIHUVH[LVWLQJXVHVUHSUHVHQWHGE\WKH
GHPDQG FHQWHUV K\GUDXOLF FRQQHFWLRQV WKH SRVVLELOLW\ RI XVLQJ UHWXUQV DQG RWKHU XQFRQYHQWLRQDO UHVRXUFHV
HQYLURQPHQWDO FRQVWUDLQWV RU RSHUDWLQJ UXOHV >@ $Q H[WHQGHG VWDWHRIWKHDUW UHYLHZ RQ VLPXODWLRQ PRGHOOLQJ
DSSURDFKHVLVJLYHQE\5DQLDQG0RUHLUD>@
:HFDQQRWLFHWKDWK\GURORJLFDOF\FOHVLPXODWLRQPRGHOVHQDEOHXVWRDVVHVVWKHUHQHZDEOHZDWHUUHVRXUFHVLQD
ULYHUEDVLQ$QGZDWHU UHVRXUFHVPDQDJHPHQWPRGHOVKHOSXV WRNQRZ LWVZDWHUDYDLODELOLW\ LQHDFKPRQWKRI WKH
VLPXODWLRQSHULRGDV WKH\FRQVLGHU WKHH[LVWLQJ WHFKQRORJLHV LQSODFHIRUDEVWUDFWLRQ WUHDWPHQWDQGGLVWULEXWLRQRI
ZDWHU>@DQGWKHLURSHUDWLQJUXOHV,QWKLVVHQVH3DWULFDO'66ZLOOKHOSXVWRDQDO\VHWKHLQIOXHQFHRISUHFLSLWDWLRQLQ
WKH -XFDU 5LYHU %DVLQ E\ DSSO\LQJ VHYHUDO LQGH[HV VXFK DV WKH SHUFHQW RI QRUPDO SUHFLSLWDWLRQ DQG WKH VWDQGDUG
SUHFLSLWDWLRQLQGH[63,>@0RUHRYHUWKHPRQLWRULQJRIZDWHUUHVRXUFHVLQGDPUHVHUYRLUVZLOODOORZXVWRDQDO\VH
WKHLPSDFWVRIRSHUDWLRQDOGURXJKWVLQWKHZDWHUUHVRXUFHVV\VWHP
&DVHVWXG\7KH-XFDU5LYHU%DVLQ
'HVFULSWLRQRIWKHEDVLQ
7KH-XFDU5LYHU%DVLQLVORFDWHGLQWKHHDVWHUQSDUWRIWKH,EHULDQ3HQLQVXODLQ6SDLQVHHILJXUH7KLVEDVLQLV
WKHPDLQRIWKHSULQFLSDOZDWHUH[SORLWDWLRQV\VWHPVLQWKH-XFDU5LYHU%DVLQ'LVWULFWWKXVJLYLQJLWLWVQDPH7KH
-XFDU5LYHUKDVDOHQJWKRINPWUDYHUVLQJWKHSURYLQFHVRI7HUXHO&XHQFD$OEDFHWHDQG9DOHQFLDKDYLQJLWV
PRXWKDWWKH0HGLWHUUDQHDQ6HD,WLVWKHPRVWH[WHQVLYHV\VWHPNPDQGZLWKPRUHZDWHUUHVRXUFHVRIWKH
-XFDU5LYHU%DVLQ$JHQF\

)LJ/RFDWLRQRIWKH-XFDU5LYHU%DVLQLQ,EHULDQ3HQLQVXOD
3K\VLFDOO\WKH-XFDU5LYHU%DVLQLVGHVFULEHGDVDQLQWHULRUPRXQWDLQRXV]RQHZLWKVSRWVDWKLJKDOWLWXGHDQGD
FRDVWDO]RQHFRPSRVHGE\SODLQV7KHDYHUDJHSUHFLSLWDWLRQLVPP\HDUDQGWKHDYHUDJHWHPSHUDWXUHLV&
$YHUDJHQDWXUDOUHVRXUFHVUHDFKKP\HDUWKDWUHSUHVHQWWKHWRSOLPLWRIWKHUHQHZDEOHUHVRXUFHVRIWKHEDVLQ
7KHWRWDOSRSXODWLRQGHSHQGLQJRQWKH-XFDU5LYHU%DVLQUHSUHVHQWVDZDWHUGHPDQGRIKP\HDUDQGWKHZDWHU
GHPDQG IRU LUULJDWHG DJULFXOWXUH UHDFKHV  KP\HDU 7KH VXSSO\ WR XUEDQ DUHDV FRPHVPDLQO\ IURPZHOOV DQG
VSULQJVKRZHYHU$OEDFHWH6DJXQWRDQG9DOHQFLDPHWURSROLWDQDUHDVXVHVXUIDFHZDWHU,WLVQRWHZRUWK\WKDWZDWHU
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GHPDQGVDUHFRQFHQWUDWHGLQKDUYHVWPRQWKVKRZHYHUQDWXUDOUHVRXUFHVDUHVOLJKWO\KLJKHUGXULQJWKHZLQWHUDQGJR
GRZQLQVXPPHU8VLQJWKHYDOXHVRIWRWDOQDWXUDOUHVRXUFHVDQGWRWDOZDWHUGHPDQGVIRUWKHSHULRG
DILUVWLQGLFDWRURIWKHZDWHUVWUHVVLQWKHV\VWHPLVGHGXFHGE\WKHUDWLREHWZHHQERWKYDOXHVUHVXOWLQJLQDYDOXHRI
7KLVUDWLRUHSUHVHQWVDILUVWDSSUR[LPDWLRQWRWKHZDWHUH[SORLWDWLRQLQGH[:(,DWWKHULYHUEDVLQOHYHODQGLW
FRQVLGHUVWKDWDUHJLRQLVFKDUDFWHUL]HGDVEHLQJXQGHUZDWHUVWUHVVLIWKH:(,H[FHHGVDQGXQGHUVHYHUHZDWHU
VWUHVVLILWH[FHHGV7KLVILUVWLQGLFDWRULVQRWVXIILFLHQWVLQFHLWGRHVQRWWDNHLQWRDFFRXQWDJUDULDQUHWXUQVQHLWKHU
UHXVHRIVHZDJHWUHDWPHQWVWDWLRQVQRUDQ\WUDQVIHUVWKDWPD\RFFXULQWKHV\VWHP6WLOOLWUHIOHFWVWKHKLJKGHJUHHRI
H[SORLWDWLRQVXIIHUHGE\WKLVV\VWHP
5HVXOWV
7KH PRVW FRPPRQO\ HPSOR\HG YDULDEOH IRU FKDUDFWHUL]LQJ GURXJKW DQG FRQVHTXHQWO\ ZDWHU DYDLODELOLW\ LV
SUHFLSLWDWLRQ7KHILJXUHVKRZVWKHDQQXDOSUHFLSLWDWLRQLQ-XFDUZDWHUUHVRXUFHVV\VWHPIRUWKHSHULRG
REWDLQHGZLWK3DWULFDO'66$VZHFDQVHHWKHUHKDVEHHQDVOLJKWUHGXFWLRQLQSUHFLSLWDWLRQLQWKHODVW\HDUV:H
FDQDOVRVHH WKH LQGLFDWRURISHUFHQWRIQRUPDOSUHFLSLWDWLRQ313FRQVLGHUHGDVQRUPDOSUHFLSLWDWLRQ WKHDQQXDO
DYHUDJHSUHFLSLWDWLRQ RYHUPP\HDU7KHPDLQDGYDQWDJHRI WKLV LQGH[ LV WKDW LW LV HDVLO\XQGHUVWRRGE\ WKH
JHQHUDOSXEOLFDQGLWUHFRJQL]HVGURXJKWVLQSUHSDUDWRU\SKDVHEHIRUHWKDQRWKHULQGH[HV$PRQJLWVGLVDGYDQWDJHVLW
LVDOVRQRWHZRUWK\ WKDW WKLV LQGH[FRQVLGHUVD*DXVVLDQGLVWULEXWLRQRI UDLQIDOODQGDQRWKHU OLPLWDWLRQDULVHVZKHQ
DQDO\]LQJODUJHUHJLRQVLQFRKDELWLQJERWKDULGDQGZHWODQGV
)URPWLPHVHULHVRIPRQWKO\SUHFLSLWDWLRQZHKDYHREWDLQHG WKH63,>@ ,W LVFRQVLGHUHG WKDW WKHV\VWHPLV LQ
GURXJKWVLWXDWLRQZKHQWKH63,YDOXHLVOHVVWKDQRUHTXDOWRDQGWKHGURXJKWSHULRGLVILQLVKHGZKHQ63,LVSRVLWLYH
DJDLQ$FFRUGLQJWR)HUQiQGH]>@GURXJKWVFDQEHFODVVLILHGDFFRUGLQJWRWKLVLQGH[GXULQJDVRIWGURXJKW63,LV
LQWKHUDQJH>@GXULQJDPRGHUDWHGURXJKW63,LVLQWKHUDQJH>@GXULQJDVHYHUHGURXJKW63,LVLQ
WKH UDQJH > @ DQG DQ H[WUHPHGURXJKW RFFXUV LI 63, LV OHVV RU HTXDO 7KH63,KDVEHHQ FDOFXODWHGE\
DGMXVWLQJWKHSUHFLSLWDWLRQWLPHVHULHVWRDQRUPDOSUREDELOLW\GLVWULEXWLRQ


)LJ$QQXDOSUHFLSLWDWLRQLQ-XFDUZDWHUUHVRXUFHVV\VWHPIRUWKHSHULRG
)LJXUHVKRZV WKHHYROXWLRQRI WKH63,RYHUDQGPRQWK LQWHUYDOV IURP WR6SHFLI\LQJDQ
DJJUHJDWLRQSHULRGLQGHILQLQJGURXJKWLVUHODWHGWRVHYHUDOEDVLFFKDUDFWHULVWLFVRIGURXJKWDVIUHTXHQF\DQGGXUDWLRQ
>@$V WKHDJJUHJDWLRQSHULRG LV ORQJHU WKHQXPEHURIGURXJKWHYHQWV LVVPDOOHUEXW WKHVHHYHQWVDUHRI ORQJHU
GXUDWLRQ7KHILJXUHVKRZVWKDWWKHORQJHUSHULRGZKHUHWKH63,LVFRQWLQXRXVO\QHJDWLYHRYHUPRQWKLQWHUYDOVLV
ZKHUHDVWKH63,YDOXHVIRUWKHVDPHSHULRGLQGLFDWHVWKHH[LVWHQFHRIDPRGHUDWHGURXJKWZKLOH
63,RYHUPRQWKLQWHUYDOVLQGLFDWHVWKDWWKHGURXJKWZDVH[WUHPH7KHUHDVRQLVWKDWPRQWK63,LVDGHTXDWHIRU
GURXJKWVHDVRQDORUVKRUWWHUPPRQWK63,DOORZVXVWRHYDOXDWHDQLQWHUPHGLDWHGURXJKWDQGRUPRQWK
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63, LV HPSOR\HG IRU ORQJWHUP GURXJKW >@ 0RUHRYHU WKH SHULRG  KDV EHHQ VR IDU WKH PRVW
LPSRUWDQWSHULRGRIGURXJKWWKDWRFFXUUHGLQWKH-XFDU5LYHU%DVLQ7KLVFLUFXPVWDQFHLVQRWGLUHFWO\YLVLEOHLQWKH
ILJXUHDOWKRXJKDVHTXHQFHRIQHJDWLYH63,LVREVHUYHGLQWKLVSHULRG2QHDVSHFWWREHFRQVLGHUHGLVWKHLQGH[VSDWLDO
DJJUHJDWLRQDVVLJQLILFDQWGLIIHUHQFHVEHWZHHQUHFRUGHGUDLQIDOOLQKHDGZDWHUVDQGORZHUEDVLQVDUHFRPPRQ$PRUH
GHWDLOHGDQDO\VLVZRXOGFRQVLGHUDUHJLRQDOL]DWLRQWKDWZRXOGKHOSWRFKDUDFWHUL]HWKHVSDWLDOYDULDELOLW\RIUDLQIDOOLQ
WKHULYHUEDVLQ>@




)LJ(YROXWLRQRIWKHDQGPRQWK63,LQWKH-XFDU5LYHU%DVLQIURPWR
63,PHWKRGRORJ\FDQEHDSSOLHGWRRWKHUVRXUFHVRIZDWHULQDZDWHUUHVRXUFHVV\VWHPDVVRLOPRLVWXUHVWUHDP
IORZVDQGVWRUDJHVLQUHVHUYRLUV>@7KHDERYHLQGLFDWRUV31363,GRQRWFRQVLGHUWKHDPRXQWRIFXUUHQWGHPDQGV
LQWKHV\VWHP+RZHYHUDQLQGLFDWRURIRSHUDWLRQDOGURXJKWLWVHOIWDNHVLQWRDFFRXQWWKHV\VWHPQHHGVVLQFHLWLVEDVHG
RQGDWDWKDWDUHWKHPVHOYHVLQIOXHQFHGE\WKHXVHPDGHRIZDWHU$UHGXFWLRQRILQSXWVUHVXOWVLQDGHFUHDVHLQVWRUHG
YROXPHVUHDFKLQJPRUHIUHTXHQWO\ WKHVWDWHRIVHYHUHRUH[WUHPHGURXJKW$ILUVW LQGLFDWRURIRSHUDWLRQDOGURXJKW
LQGH[ LV WKH VWDQGDUG UHVHUYHV LQGH[ 65, >@ 7KLV LQGH[ VKRZV WKH VWDWH RI UHVHUYHV LQ WKH V\VWHP DQG KHOSV
H[SODLQLQJZK\LQKLJKO\UHJXODWHGV\VWHPVVXFKDV-XFDUZDWHUUHVRXUFHVV\VWHPLQZKLFKRFFXUVH[WUHPHGURXJKW
FRQGLWLRQVWKH\PDQLIHVWOHVVIUHTXHQWO\EXWZLWKDORQJHUGXUDWLRQ7KHIROORZLQJFKDUWVKRZVWKH65,LQWKH-XFDU
ZDWHUUHVRXUFHVV\VWHPLQWKHPDLQUHVHUYRLUV$ODUFyQ&RQWUHUDVDQG7RXVIRUWKHSHULRGRQFH
7RXVUHVHUYRLUEHFDPHRSHUDWLRQDO,WLVSRVVLEOHWRFKHFNWKHEHJLQQLQJDQGHQGRIWKHGURXJKWSHULRGVDVZHOODVWKH
VHYHULW\OHYHOVUHDFKHGDFFRUGLQJWR63,FODVVLILFDWLRQ$VDQH[DPSOHWKHGURXJKWLQWKHV\VWHPGXULQJWKHSHULRG
ZDVWKHPRUHLQWHQVHGURXJKWUHJLVWHUHGLQWKHEDVLQLQWKHUHFRUGHGKLVWRU\%XWFRPSDULQJ63,DQG
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65, UHVXOWV IRU WKHSHULRG WKHFKDUWV VKRZ WKHH[LVWHQFHRID VHYHUHPHWHRURORJLFDOGURXJKWEXW
LQVWHDGWKHRSHUDWLRQDOGURXJKWKDGQRLQFLGHQFHLQWKHV\VWHPDWDOO


)LJ(YROXWLRQRIWKHPRQWK65,LQWKH-XFDU5LYHU%DVLQIURPWR
'LVFXVVLRQDQG&RQFOXVLRQV
:RUOGZLGHVWXGLHVKDYHVKRZQWKDWWKH0HGLWHUUDQHDQUHJLRQLVRQHRIWKHPRVWYXOQHUDEOHDUHDVWRZDWHUFULVLV
>@,QWKLVSDSHUVHYHUDOLQGH[HVKDYHEHHQDSSOLHGLQWKH-XFDU5LYHU%DVLQWRFKDUDFWHUL]HPHWHRURORJLFDO313
63,DQGRSHUDWLRQDOGURXJKWV65,DQGWHVWWKHLULQIOXHQFHLQZDWHUDYDLODELOLW\)LJXUHVDQGKDYHGHPRQVWUDWHG
WKDW SUHFLSLWDWLRQ GHVSLWH EHLQJ WKH PRVW FRPPRQO\ HPSOR\HG YDULDEOH IRU FKDUDFWHUL]LQJ GURXJKWV PD\ QRW EH
HQRXJK:KLOH LQ FRXQWULHV ODFNLQJZDWHU VWRUDJHV LQIUDVWUXFWXUHV GLUHFWO\ GHSHQGHQW RQ UDLQIDOO WR VXSSO\ZDWHU
GHPDQGVDGHFUHDVHLQUDLQIDOOGXULQJVRPHPRQWKVRUZHHNVFDQEHFRPHDGURXJKWLQRWKHUVGURXJKWVFDQH[WHQG
IRU\HDUVSURGXFLQJPDMRULPSDFWV>@,W LVQRWHZRUWK\WKDW WKH(XURSHDQ8QLRQ(8FRQVLVWVRIFRXQWULHVZLWK
GLIIHUHQWSK\VLFDOFKDUDFWHULVWLFVGLIIHUHQWK\GURORJ\EDVHGRQGLIIHUHQWSURGXFWLYHVHFWRUVDQGGLIIHUHQFHVERWKLQ
LQIUDVWUXFWXUHDQGGHPDQGV1RWVXUSULVLQJO\LQWKHPRVWYXOQHUDEOHDUHDVWRZDWHUVFDUFLW\LWLVFRPPRQWKHXVHRI
QRQFRQYHQWLRQDOZDWHUUHVRXUFHV$FOHDUH[DPSOHLVWKHXVHRIZDVWHZDWHUUHVRXUFHVE\WKH0HPEHU6WDWHVVKRZQ
LQILJXUHD,WLVIRXQGWKDWLQFRXQWULHVOLNH6SDLQRU,WDO\ZDVWHZDWHUUHVRXUFHVDUHQRORQJHUVHHQDVQRQFRQYHQWLRQDO
UHVRXUFHVGXHWRLWVKLJKOHYHORILPSOHPHQWDWLRQ
,QYLHZRIWKHVHGLIIHUHQFHVZHKDYHGHVLJQHGDJHQHUDOVFKHPHIRUDQDO\]LQJZDWHUDYDLODELOLW\DQGFRQVHTXHQWO\
ZDWHUDFFRXQWVWKDWVKRXOGLQFOXGHWKHFDVXLVWU\WRMXVWLI\WKHSRLQWRIYLHZRIWKH(8,QILJXUHEWKHSURFHVVWR
REWDLQZDWHUDYDLODELOLW\EHJLQVZLWKFOLPDWHGDWDZKHUHUDLQIDOODQGHYDSRWUDQVSLUDWLRQDUHWKHPDLQSURFHVVHV7KLV
FDOFXODWLRQ FRQWLQXHV WU\LQJ WR HPXODWH WKH HQWLUHK\GURORJLFDO F\FOH LQZKLFKERWK WKH HVWLPDWLRQRI WKHQDWXUDO
UHVRXUFHVRIWKHEDVLQDQGLWVXVHVWRFKDUDFWHUL]HLWDUHLQYROYHG2QFHWKHXVHVDUHNQRZQLWLVSRVVLEOHWRGLVWLQJXLVK
EHWZHHQQDWXUDOXVHVDQGHFRQRPLFXVHVDQGGHSHQGLQJRQWKHUHODWLRQVKLSRIWKHODWWHUDQGQDWXUDOUHVRXUFHVWKH:(,
LVREWDLQHG8QWLOQRZWKDWZRXOGEHSURSRVHGIURPWKH(8KRZHYHULQFRXQWULHVOLNH6SDLQWKLVDSSURDFKLVQRW
HQRXJK
2QFHUHQHZDEOHUHVRXUFHVKDYHEHHQHVWLPDWHGWKH\DUHEURNHQGRZQEHWZHHQWKHVXUIDFHUXQRIIDQGJURXQGZDWHU
0RUHRYHUGHPDQGVFDQEHTXDQWLILHGIURPHFRQRPLFXVHV'HSHQGLQJRQWKHFKDUDFWHULVWLFVRIHDFKULYHUEDVLQWKHVH
GHPDQGVDUHRQO\VXSSOLHGZLWKQDWXUDOUHVRXUFHVRULQPRVWFDVHVLWLVQHFHVVDU\WKHRSHUDWLRQRIFHUWDLQUHJXODWRU\
LQIUDVWUXFWXUHVDQGSXPSLQJZHOOVWKDWDOORZWRXVHWKHVHUHVRXUFHVZKHQGHPDQGVUHTXLUHLW7KXVLWLVQRORQJHU
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VXIILFLHQW WR FRQVLGHU RQO\ QDWXUDO UHVRXUFHV EXW LW ZRXOG EH PRUH DSSURSULDWH WR UHIHU WR WKHVH DV FRQYHQWLRQDO
UHVRXUFHV)XUWKHUPRUHWKHVHFRQYHQWLRQDOUHVRXUFHVFRXOGEHQRWVXIILFLHQWWRVHUYHWKHGHPDQGVRIWKHV\VWHPLQ
WKLVFDVHZHVKRXOGUHIHUWRWKHXVHRIQRQFRQYHQWLRQDOUHVRXUFHVZDVWHZDWHUUHXVHGHVDOLQDWLRQWUDQVIHUVZKLFK
ZLOO JXDUDQWHH WKH VXSSOLHV7KHVH WZR WHUPVKDYHEHHQJURXSHGE\ WKH WHUP JHQHUDWHG UHVRXUFHV WKDW FDQYDU\
GHSHQGLQJRQWKHKRUL]RQVFHQDULRDQDO\]HG


)LJD:DVWHZDWHUUHXVHLQ(XURSHDQ8QLRQ>@E3URSRVDOIRUDJHQHUDOVFKHPHIRUWKHVWXG\RIZDWHUDYDLODELOLW\
)LQDOO\ZDWHUDYDLODELOLW\FDQEHGHVFULEHGE\WKHXVHRIWKHLQGLFDWRURIH[SORLWDEOHZDWHUUHVRXUFHVGHILQHGDV
WKHSDUWRIWKHZDWHUUHVRXUFHVFRQVLGHUHGWREHDYDLODEOHIRUGHYHORSPHQWXQGHUVSHFLILFWHFKQLFDOHFRQRPLFDQG
HQYLURQPHQWDOFRQGLWLRQV>@DQGREWDLQHGDVWKHPD[LPXPGHPDQGWKDWFDQEHVHUYHGE\WKHV\VWHPVDWLVI\LQJWKH
RIILFLDOO\HVWDEOLVKHGJXDUDQWHHVDQGWKHHQYLURQPHQWDOUHTXLUHPHQWV>@7RGRWKLVHPXODWLQJWKHK\GURORJLFDOF\FOH
LVQRWHQRXJKDQGLWLVHVVHQWLDOWRXVHZDWHUUHVRXUFHPDQDJHPHQWPRGHOV,QWKLVVHQVHLWLVQHFHVVDU\WKDW(8ZDWHU
SROLFLHVGHILQHWKHPHWKRGRORJ\WRGHWHUPLQHWKLVLQGLFDWRUVLQFHGLIIHUHQWDVSHFWVUHODWLQJWRWKHVFHQDULRGHILQLWLRQ
PXVWEHWDNHQLQWRFRQVLGHUDWLRQVXFKDVWKHWRSRORJ\WKHTXDQWLILFDWLRQRIWKHQDWXUDOUHVRXUFHVDQGWKHUHOLDELOLW\
FULWHULDWRNQRZZKHWKHUWKHGHPDQGVDUHVDWLVILHG>@>@
7KHVHWZRDSSURDFKHVUHSUHVHQWWKHWZRH[WUHPHVLQWKHFDVXLVWU\RIDQDO\]LQJSUREOHPVZLWKLQWKHFRQWH[WRIZDWHU
UHVRXUFHV:HFDQILQGFDVHVLQYROYLQJERWKSUREOHPVDQGHYHQFDVHVZKHUHWKHVLWXDWLRQDQDO\]HGLVLQDQLQWHUPHGLDWH
VWDWHEHWZHHQERWK$JRRGSURFHGXUHZRXOGEHWRLQFRUSRUDWHDOOWKHHOHPHQWVDQGYDULDEOHVQHFHVVDU\IRUWKHH[HUFLVH
RI EXLOGLQJ ZDWHU DFFRXQWV ZLWKLQ K\GURORJLFDO PRGHOV RU ZLWKLQ PDQDJHPHQW PRGHOV RU D PL[HG LQWHUPHGLDWH
VROXWLRQ>@7KLVDSSURDFKQHHGVDQREMHFWLYHFULWHULRQIRUWKHVHOHFWLRQRUFODVVLILFDWLRQRIZDWHUUHVRXUFHVV\VWHPV
LQHLWKHUEDQGRI WKHSUREOHP WKDW LVRXWOLQHG LQ WKH ILJXUH ,Q WKLV VLWXDWLRQ WKH ILUVW VWHSPD\EH WRFRQGXFWD
SUHOLPLQDU\ FODVVLILFDWLRQ RI WKH UHJLRQV WKDW FRPSULVH WKH (8 LQ RUGHU WR DSSO\ GLIIHUHQWPHWKRGRORJLHV WKDW DUH
DSSURSULDWHWRWKHSK\VLFDODQGVRFLRHFRQRPLFFKDUDFWHULVWLFVRIHDFK0HPEHU6WDWH,WLVFUXFLDOWKDWSROLF\PDNHUV
DQGVWDNHKROGHUVPDNHDGHFLVLRQDERXWWKHPHWKRGRORJ\WRGHWHUPLQHZDWHUDYDLODELOLW\LQRUGHUWRLQFOXGHLWLQWKH
SROLF\UHYLHZRQZDWHUVFDUFLW\DQGGURXJKWVWKDWLVFXUUHQWO\EHLQJFDUULHGRXWWREHLQWHJUDWHGLQWRWKH³%OXHSULQWWR
VDIHJXDUG(XURSH¶VZDWHUUHVRXUFHV´>@,WLVQRWHZRUWK\WKDWLQ6SDLQDODUJHSDUWRIWKHVHPHWKRGRORJLFDOGHFLVLRQV
DUHLQFOXGHGLQWKH6SDQLVK6WDWHPHQWRI:DWHU3ODQQLQJ>@ZLWKQRUPDWLYHVWDWXVJXDUDQWHHLQJFRQVLVWHQF\DQG
FRPSDUDELOLW\RIWKHUHVXOWV
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6SDQLVK0LQLVWU\RIWKH(QYLURQPHQWIRUWKH
GDWDSURYLGHGLQGHYHORSLQJWKLVVWXG\DQGWKH6SDQLVK0LQLVWU\RI(FRQRP\DQG&RPSHWLWLYHQHVVIRULWVILQDQFLDO
VXSSRUW WKURXJK WKH SURMHFWV 6&$5&( &RQVROLGHUǦ,QJHQLR  &6'Ǧ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